effects. I think it has only lately become generally realized that nitrous oxide is not, and never has been, included in the British Pharmacopoeia, and that therefore there are no official tests of purity by which its quality can be judged. This exclusion is difficult to understand, especially as I gather that the object of those responsible for the Pharmacopoeia is not to suggest or even approve of any particular therapeutic agents but rather to provide standard methods of preparation and tests for any drugs which, wisely or otherwise, are extensively used by the medical profession. Certainly on this basis nitrous oxide should have gained a place many years ago. The manufacturers of nitrous oxide have very kindly furnished me with confidential figures as to their yearly output, and I am the only person who is in possession of this knowledge. I cannot, of course, give you any idea as to the total, but without betraying trust I may say that I was amazed at the size of the grand yearly total.
There being thus no official standard of quality, I think I am justified in saying that the high quality of the product issued by the manufacturers speaks well for the care they have exercised. At the same time it is to the interest of both manufacturers and users that this anomalous state of affairs should cease. Preparations are now in hand for the issue of the next edition of the British Pharmacopoeia, and it should be and, I believe, is the declared intention of the Council of this Section to press for the inclusion of nitrous oxide in the forthcoming volume. With this in prospect it has been the aim of my Committee to collect all possible information with a view to the formulation of a table of tests suitable for inclusion in the Pharmacopoeia. These should be of a sufficiently delicate nature to insure a pure and efficient anvesthetic agent without being so complicated and difficult of application as to hamper their use on a commercial scale.
Unfortunately we are not yet in the position to formulate such a table, although we hope to do so soon. 'Representatives of the various manufacturers making nitrous oxide have been invited to this meeting and it is hoped they will take part in the discussion. Their views on all points will be valued, and especially those dealing with the commercial applicability of any of the tests suggested. I should like at this point to say that during the past two years I have been in almost constant communication with most of the various firms concerned in the manufacture of nitrous oxide. In each case they have done all they could to assist us and have placed at our disposal much information of a more or less confidential nature. I am sure that I shall not be exceeding my powers if I here publicly e)tend to them the thanks of the Committee.
I should like to mention one point of personal explanation. Although, as I have said, the work of the Committee is not completed it was thought well to make some sort of report to this Section. This would also offer an opportunity for a general discussion which could not fail to be useful. As someone had to put together an introductory paper I was the unfortunate individual requested to do so. But the duty only fell to me because as secretary I had in my possession all the necessary documents and not because I am in any way qualified to deal with the intricate problems in chemistry and physics which are involved. No doubt many interesting and instructive questions will be asked in the subsequent discussion, but I shall not attempt to answer them. Fortunately, most, if not all, the members of the Committee have promised to be here this evening and they will be able to deal with those subjects which are beyond my powers of explanation. Again, I am attempting to put before you the facts obtained and the views so far adopted by the Committee, and if I am able to interest you in any way the credit will belong to that Committee. My communication, however, is not official and has not been seen by any other member of the Committee. So it may be that I may easily fall into error both as to facts and opinions. If I do so the fault is entirely my own.
As the result of communications to the medical press, the Committee has received a certain number of complaints about unsatisfactory samples of nitrous oxide. Altogether I find that we have received from five separate anasthetists fairly full details of clinical findings, together with cylinders containing unused remainders of the gas said to be at fault. These, which might be called the " complete cases," have naturally been the more instructive. We have also considered reports-in some cases very full reports-from five other sources, from none of which, however, has the nitrous oxide complained of come into our hands.
Complete Cases.
To deal with the complete cases first. Generally speaking, the symptoms complained of, although by no means identical, exhibit a certain similarity, and it would be wearisome and useless to read to you the details of them all. The complaint, accompanied by the fullest clinical report, was that submitted by Dr. Ramsey Phillips; it was, in fact, the one largely responsible for the institution of the inquiry. I think the best course for me to pursue will be to deal with this report fairly fully and then make brief mention only of the other four.
(1) Dr. Ramsey Phillips' Cases.-In October, 1924, Dr. Phillips anesthetized six patients (four women and two men) with this particular gas for dental extractions.
He reports:
The gas used had a strong smell like brown potash or dirty wash-tub water. Clinically my complaint was that ansesthesia could not be produced without marked cyanosis; this led me to use the conjunctival reflex as a guide, a thing I never do in the ordinary way. This particular cyanosis was unusual. Lividity, white lips, grey colour of the skin, small to mediun pupils, eyeballs looking directly forwards, and convulsions quite unlike the usual jactitation. In each case I gave large quantities of oxygen when this occurred, but the recovery was very slow. In some cases I had to re-apply the gas with free supply of oxygen, as I had not allowed the operation to be commenced. Exactly the same thing occurred. There was no observable obstruction to the air-way in any of the cases. On recovery, all the patients felt very poorly, pulse small, irregular and soft. Nos. 1 and 2 gave rise to considerable anxiety at the time. No. 3 felt really ill when there should have been no cause for it. No. 4 also. No. 5 was not a dental case, but was having her neck stretched and manipulated for an alleged dislocation, and the convulsions were put down by the surgeon to his manipulations, who felt rather pleased, I think. No. 6 was badly knocked out, but she was not a good subject for gas. I heard afterwards that she had had a severe cardiac breakdown after it. I have not met with this before or since. My apparatus was in good working order, and in each case there was plenty of oxygen in the oxygen bag at the end of the case. The clinical picture was quite different from the cyanosis and jactitation common in cases where most of the air is washed out of the lungs and no oxygen is given. Again there was the strong smell of the gas, and the conjunctival reflex (taken well away from the cornea) was strongly present up to a point in some cases where I had to desist, and I was unable to say that the patient would not feel the operation. No cough or sign of irritation in the air passages was present, and no nausea followed. I rather naturally dreaded to go to another gas case. I went to the makers and told them about it. While assuring me that the gas was good and normal, they showed me how to smell and taste it, anid produced other gas which they acknowledged had no smell, while that which I had been using smelt strongly. I changed my stock of gas, with the exception of the two bottles I sent youi. While admitting that these difficulties may have been caused by myself, I felt it would be good to find out if the gas was good for human beings or not, since there are no regulations to control the manufacture.
The unused gas was sent to Dr. King-chemist to the National Institute for Medical Research at Hampstead. I should like to say here that the Committee is very greatly indebted to Dr. King for the prompt and able manner in which he has conducted many analyses dealing with nitrous oxide and also various ethers and other substances.
Dr. King reported as follows Passed for a long period through ferrous sulphate solution. No darkening observed as compared with control. Hence, absence of nitric oxide.
Several qualitative tests showed that, on shaking small volumes, 5 to 10 c.c. with cold water in a eudiometer, there was always a small volume undissolved. Accordingly 500 c.c. of gas were collected over water in a large corked cylinder and shaken with successive portions of fresh water until no more was dissolved. The residual volume was about 12 c.c.
This was transferred to a van Slyke gas analysis apparatus and, exposed to alkaline pyrogallol, showed no appreciable change of volume. Absence of oxygen and carbon dioxide. The residual gas was not inflammable and did not support combustion. Absence of carbon monoxide and presence of nitrogen.
Summmary.-The nitrous oxide examined contained a small proportion of carbon dioxide and about 2 per cent. of nitrogen.
A few days later Dr. Dale wrote to me as follows:-Since the last meeting, King and I have further examined the sample of nitrous oxide received from Ramsey Phillips. We passed the gas through a dilute solution of oxyhiemoglobin until all the oxygen was blown out and reduction complete. The spectrum was then that of reduced hlemoglobin with only a single diffuse absorption band. This appears to me to exclude CO and NO beyond shadow of doubt, and much more decisively then any animal test could, or any ordinary chemical test. Pembrey agrees, but I am sending him the other cylinder of N20, so that he and Shipway may test it on some animals, if they think fit.
King and I also tested the gas further for nitrites, and, as a last shot, for cyanogen-both tests being completely negative.
I think it was the negative result of this very thorough examination that made us realize the difficulty of the question under examination. We had all probably assumed that these irregular manifestations were due to the accidental presence of some obvious impurity such as a halogen, nitric oxide or carbon monoxide. In this case, however, it seemed clear that all such substances were absent. The presence of a small quantity of carbon dioxide can hardly be of any importance, as it would not appreciably increase the percentage normally present in the alveolar air. Even if it did, the trend of modern teaching in anaisthetics seems to suggest that it would be advantageous rather than the reverse.
(2) Dr. Hlugh Powell's Cases.-Another member of this Section, Dr. Hugh Powell, of Cheltenham, also sent some cylinders of nitrous oxide which had-proved unsatisfactory in his hands and in those of Mr. Cade, a dental surgeon. The illeffects had been noticed in some five or six patients consecutively anawsthetized with the same batch of gas. Here the symptoms were rather different. The patients were not completely anaesthetized--they complained that they felt the extractions but bad no pain. The recovery, however, was accompanied by distinct nausea, headache and giddiness. Dr. King reported on the remaining nitrous oxide. None of the expected impurities were found, but there seemed to be a relatively large amount of nitrogen present-namely, 5 per cent.
(3) Dr. de Caux's Cases.-Still another member of this Section, Dr. F. de Caux, had a case of a girl who, during a dental extraction, became so cyanosed and breathed in such a shallow manner that artificial respiration had to be used, and she did not fully recover for upwards of an hour. He had noticed that three other patients aneesthetized from the same cylinder had taken longer than usual to recover consciousness. Here again Dr. King's report was much the same. None of the ordinary impurities was;present, but there was 3-5 per cent. of nitrogen.
(4) Dr. Windsor Bell's Cases.-In July of last year Dr. Windsor Bell had trouble with five cases anaesthetized from one cylinder at the National Dental Hospital. On recovery one woman had a typical epileptiform fit and all the other four showed some convulsive movements during recovery. Dr. King, by chemical tests, was satisfied as to the absence of expected impurities except a small quantity of C02, and this was confirmed as regards CO, &c., by spectroscopic tests with haemoglobin.
(5) Messrs. Coxeter's Discarded Sample.-Messrs. Coxeter kindly supplied us, by special request, with samples of a gas which, although free from all the ordinary impurities, did not in their opinion come up to standard and so was not issued. Dr. King confirmed the absence of these impurities but found that the gas contained about 20 per cent. of nitrogen and 3 per cent. of oxygen. Dr. Shipway used this gas in some experiments on animals and found it satisfactory.
Reported Cases.
(1) One manufacturer, whose name I do not mention, very kindly furnished us with details of all complaints which had been received during the period of years in which he had been making nitrous oxide, and also with the results of the detailed examination made in each case. It would take too long to go into the particulars of the five or six cases.-In most of them nothing was found at all, except sometimes a higher percentage than usual of nitrogen. In one, however, there was a distinct but faint oily smell, the origin of which was difficult to trace. No oil is used in the compression plant and it was suggested that it might have been due to a dirty cylinder.
(2) Professor Karsner, of the Lakeside Hospital, Cleveland, Ohio, U.S.A., has kindly sent us some information about cases of poisoning by nitrous oxide in that hospital; this had resulted in the installation of a very complete plant for making nitrous oxide in the hospital itself. He also mentioned a case where some commercially supplied gas had almost certainly contained nitric oxide.
(3) Dr. Maughan, of Albany Street, London, N.W.1, reported the bad results obtained on anaesthetizing three children (among many) at a School Treatment Clinic. All three cases showed signs of collapse without cyanosis. Being struck by this, in the remaining cases he gave half or three-quarters of his usual dose and obtained good anesthesia, followed by easy recovery. The remaining gas was returned to the makers and carefully examined by them-one of the partners himself inhaling it. He found it to be chemically quite pure, except that, as is so often the case, it contained some nitrogen.
(4) Almost by accident the Committee discovered that some time before, much trouble had been caused by the action of some gas used at the Physiological Laboratory at Cambridge during some experiments on cats. I have in my possession a large bundle of documents dealing with this case. The findings are, however, so confusing as to be useless, except that they are of interest as showing the confused nature of the evidence one may have to examine. From the report of an inspector, it would appear that the gas used to ancesthetize a cat for a very brief cardiac puncture, rapidly killed the animal. As the cat's haemoglobin was found to have been changed to methaemoglobin-a change obvious not only in the spectroscope but also to the naked eye-the gas very justly came under suspicion. The remaining gas was analysed by the Public Analyst and found to contain no abnormal constituent. When, further, it was stated that not only other cats but the same cat had previously been anasthetized satisfactorily from the same cylinder, the problem did not become any more simple. The same batch of gas had been sent by the makers to many other quarters and no complaints were received. The only possible solution that occurred to the Committee was that the outlet of the cylinder had been accidentally contaminated by some strong acid which had been removed before the analysis. The possibility of this was denied by workers in the laboratory. After much correspondence with those concerned, the problem was dropped as hopeless.
(5) A further series of cases was reported to the Committee by the War Office, through the Medical Research Council. These cases, which had occurred at Cologne, were similar to some of the others and not in themselves particularly interesting, as they were accompanied by scanty clinical details. Also, no more of the gas was available for examination and in fact the War Office admitted that the source of the gas was unknown. Before it was reported to us, however, the remaining gas had been most exhaustively examined at the Government Laboratory by Sir E. Robertson and his assistants, and their very full report was placed at our disposal. Here, again, the only fault to be found chemically was a relatively high proportion of nitrogen.
As these cases have passed before the Committee, the members have become impressed by the very frequent finding of a variable percentage of nitrogen in the gas under suspicion. In the Cologne cases this amounted to 10 per cent. Although the exclusion of all traces of nitrogen seems to be difficult, some firms at any rate guarantee their nitrous oxide to be more than 99 per cent. pure. According to a contributor to an American journal, nitrogen would be formed during manufacture by the interaction of nitrous and nitric oxides in the presence of water, with the additional formation of nitric acid which would be removed by the ordinary scrubbing process. The equation seems to be:
Now it does not seem likely that the admixture of a small percentage of nitrogen (say up to 5 per cent.) with nitrous oxide will have any very marked effect if that admixture is a reasonably even one. The nitrous oxide will, of course, be correspondingly weaker, but when we consider that nitrogen, by acting as an asphyxiant, would itself have a certain anesthetic action, we should hardly expect it to be noticeably weaker. That is, of course, if it were given without much air or oxygen.
The researches of Sir R. Robertson first directed the attention of the Committee to the fact that, especially with larger percentages, the admixture would not be an even one. Nitrous oxide, as we all know, is easily compressible, and becomes a liquid at a pressure of thirty atmospheres at 00 C. This fact has been largely used by the manufacturers as a test of purity. If their gas liquefies at the usual temperature and pressure, it is probably good gas. If it does not, the process has failed at some point and the gas has to be discarded. Nitrogen, onthe other hand, is much less compressible and refuses to liquefy under the processes employed by the manufacturers.
If, then, a sample of nitrous oxide containing a percentage of nitrogen is compressed into a cylinder, that cylinder will contain liquidnitrous oxide, while the space not actually occupied by the liquid will contain a high percentage of nitrogen in a gaseous condition. It. is possible that a certain amount of the nitrogen would be actually dissolved in the nitrous oxide. As far as I can discover, we have no authoritative statement as to the solubility of nitrogen in liquid nitrous oxide. The point of practical importance is that when a cylinder containing such a mixture is opened, the composition of the gas first issuing from it will vary greatly according to the position in which the cylinder is held. If the cylinder is placed vertically with its mouth downwards (a position we ancesthetists never adopt), the gas should be pure nitrous oxide or nitrous oxide containing only such a proportion of nitrogen as is soluble in the liquid. If the position is reversed and the cylinder held upright with the mouth upwards, it will be the highly compressed but still gaseous nitrogen that will be tapped first, and the resulting gas will be nitrogen with a variable proportion only of nitrous oxide. With the cylinder held nearly horizontally the conditions will be much the same, but will vary according to the actual angle adopted. From this it will be readily understood that a cylinder of nitrous oxide containing an apparently harmless percentage of nitrogen may, under certain conditions, when first onened, yield a gas so rich in nitrogen as sensibly to affect its anaesthetic action. It is, in fact, probable that this relatively high percentage of nitrogen is the explanation of some of the abnormal symptoms that have been reported to us. Some time ago I was discussing the matter with Mr. Trewby, whose skill and experience as a dental anesthetist is well known. He assured me that we should never find much wrong with the cylinders of gas we examined, as it was always the gas delivered first that caused the unpleasant symptoms. This was an interesting independent confirmation of what we had already learnt from Sir R. Robertson. I should like to add that Mr. Wellesley, of Messrs. Coxeter and Co., also drew our attention to this fact about the same time.
There is another possible cause for abnormal symptoms under nitrous oxide that should be mentioned, although I do so with some diffidence in an assembly such as this. The cause to which I refer is some fault in the apparatus used. I should not dare to speak of this at all were I not ready to admit that I have had bad results from this cause on more than one occasion. The apparatus which we anesthetists are accustomed to use is dependent on the correct working of delicate valves, Section of Anvsthetics usually made of sheet rubber, and it is very easy for one of these to cease its function without the fault being at once obvious. I have sometimes found that a prolonged induction, or some other unusual symptom, has been caused by the sticking or curling of a valve in my inhaler, and I am sure this must have occurred to others. I do not wish to say that all or any of the cases I have briefly mentioned were due to this cause, but I do think it is a factor which has to be kept in mind.
It is a point which has also been politely suggested to me by at least one of the manufacturers.
As the result of the numerous examinations, both chemical and spectroscopic, made by Dr. King and others, I think we are justified in concluding that the gas supplied to us anesthetists by the three or four firms who make it in this country is a very pure product. We have never found any trace of such poisonous substances as the halogens, nitric oxide, nitric acid or carbon monoxide. There may be a little carbon dioxide which in such small quantities would be harmless, and occasionally a little oxygen of doubtful origin. The only impurity which is at all frequently present is nitrogen. The possible, or perhaps one might say the probable, source of much of this nitrogen, from the interaction of nitrous and nitric oxides in the presence of water, has already been described. We have also seen how even a small percentage of nitrogen may, under the physical conditions obtaining in a nitrouis oxide cylinder, as it were magnify itself sufficiently to produce abnormal results when the cylinder is placed in certain positions.
The fact that the gas with which we are supplied is so pure speaks well for the methods adopted by the manufacturers. In several cases we have been informed, in confidence, of all the details of the process used, including sometimes secret " tips " of great utility. There is some variation in the methods, and some firms certainly appear to devote more attention to scrubbing processes than others, and possibly to control the whole plant in a more scientific manner. The end result appears, however, to be much the same. Again, in the testing of the finished product one firm differs from another in its methods and one may be more scientific than another. The fact that a poor sample will not liquefy at the right temperature and pressure seems to be a great safeguard, and in addition some makers inhale samples to see what it smells like-a method perhaps more altruistic than scientific.
While thus, in the absence of any standard or official tests, it must be admitted that we have been well served in the past, it is not less obvious that such tests should be established and applied to each batch of nitrous oxide issued for use as an anasthetic. I am possibly in error in speaking of batches of gas, as the process may be carried on as a continuous one. In this case standard tests should be applied to the product at certain fixed intervals.
That no such tests exist in England has been already stated. In one of the instances already mentioned the Ministry of Health was involved, and it enumerated some tests taken, I believe bodily, from the Pharmacopceia of the United States. A point that appears to be unnecessarily stressed is that the ammonium nitrate used in the manufacture must be of not less than 99'8 per cent. standard of purity. This would place the responsibility on the wrong shoulders and might allow a careless manufacturer to throw the whole blame for his bad gas on the wholesaler who had falsely declared that his ammonium nitrate was of the requisite purity. At any rate from our point of view the purity or impurity of the chemicals used is of minor importance so long as we can be certain that the resulting nitrous oxide is absolutely pure.
The selection of the best and most easily applied tests for nitrous oxide is not an easy task. Such tests should be sufficiently stringent to ensure the absence of all harmful impurities, while at the same time they must be simple enougb to be used in ordinary chemical works or in the shop of any pharmacist. I had hoped that we should have made further progress than we have before bringing this matter before you to-day for discussion. A Sub-Committee consisting of Dr. Dale, Prof. Donnan, 2'c3 and Prof. Pembrey has been working at it for some time and I cannot do better now than close this somewhat discursive account by giving you their preliminary suggestions. Their report is as follows:-' AN2ESTHETICS COMMITTEE. Sub-Committee on Tests for Purity of Nitrous Oxide. Professor Donnan, Professor Pembrey, and Dr. Dale met, as arranged, in the National Institute for Medical Research on Thursday, November 26, 1925. Dr. Harold King kindly attended, and gave the Sub-Committee his co-operation.
It was suggested that the'tests adopted in the United States Pharmacopceia might be taken as a first basis for the Committee's recommendations. The description given in the U.S.P., 9th Decennial Revision, 1916, is as follows:
Pass 2,000 mils of the gas, measured under normal atmospheric pressure at about 250 C., through 100 mils of barium hydroxide T.S. at a rate not exceeding 4,000 mils per hour; not more than a slight turbidity is produced (carbon dioxide).
No opalescence is produced in a mixture of 100 mlils of distilled water and 1 mil of silver nitrate T.S. by 2,000 mils of the gas under the conditions described above (halogens). No change in colour is produced in 100 inils of distilled water, to which 5 drops of litmus T.S. have been added, by the passage of 1,000 mils of the gas through the liquid under the conditions described above (acids or bases).
No alteration in colour is produced in a solution of 0'2 mil of tenth-normal potassium permanganate V.S. in 100 mils of distilled water by the passage of 1,000 mils of the gas through the liquid under the conditions described above (reducing substances).
Of these tests the only one which fell under criticism, as possibly unnecessarily severe', was that for carbon dioxide, Professor Pembrey maintaining that the presence of a small percentage of carbon dioxide would be advantageous rather than deleterious. The tests do not provide adequately for the detection of nitric oxide, not specifically for nitrogen peroxide, and not at all for the detection of carbon monoxide.
For nitrogen peroxide Professor Donnan suggested that the following test should be adequate:
The baryta solution used for detecting excess of C02 should subsequently be acidulated with sulphuric acid. A drop of dilute potassium permanganate solution added to this liquid should not be decolorized. (The test would need to be given in quantitative form, and carried out against a control in which an equal quantity of baryta solution, through which no gas bad been passed, would be acidulated, and similarly tested with an equal addition of potassium permanganate).
For carbon monoxide two tests came under consideration:
(1) The heemoglobin test, which has been used for the Committee. It was agreed that further experiment would be needed before this test could be described in quantitative form and recommended for adoption. The available data show that not less than 007 per cent. of CO can be detected in air by the hLemoglobin test. In this case, however, the CO is competing for hsemoglobin against 20 per cent. of oxygen. It seems likely that much smaller proportions of CO in a gas indifferent to haemoglobin, such as N20, could be detected by the production of spectral bands, permanent after the addition of a trace of sodium hydrosulphite, and therefore not due to oxygen. Such a test'could be very easily carried out by anybody possessing a small direct-vision spectroscope. It would be necessary, however, to determine the limiting concentration of CO, which can thus be detected.
Professor Pembrey undertook to make some mixtures of N2O with small measured proportions of CO, and to determine the smallest concentration of CO which could thus be detected.
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(2) The Test using Iodine Pentoxide.-This test is said to detect as little as 0005 per cent. of CO, or, in other words, 1 c.c. of CO in 20 litres of gas. The gas is passed through a U-tube containing iodine pentoxide heated in a water bath to 600-70°C., and the issuing gas is passed through a solution containing potassium iodide and starch. If a blue colour is produced the amount of iodine liberated can be determined with po'ou N. sodium thiosulphate. It can be calculated that 1 c.c. of CO should liberate rather more than 2 mgm. of iodine, which would require about 25 c.c. of the thiosulphate solution. Two litres of gas, if containing 0.1 c.c. of CO, should therefore liberate an easily titratable quantity of iodine. This proportion of CO would be physiologically negligible, and the test, therefore, seems to be a perfectly efficient one. A blank control, in which the same volume of pure air was passed through the iodine pentoxide tube, would presumably serve as a preliminary. The test would be rather a cumbrous one for carrying out in an ordinary pharmacy.
Nitric Oxide.-It was tbought probable that NO would react similarly to CO with the iodine pentoxide, in which case it would also be detected by the test above described. Members promised to obtain further information on this point, and Professor Donnan offered to have an experiment made. An alternative test suggested for NO was to mix the volume of gas to be tested with a suitable volume of air or oxygen, and, after allowing time for formation of NO2, to pass the mixture through a solution containing potassium iodide and starch, when any NO should be detected by the liberation of iodine. The test would, of course, also detect pre-formed N02.
Test for proportion'of N2O present.-The Committee's work has shown that the impurity most frequently responsible for trouble is nitrogen, which on compression will tend to occur, in higher than the general concentration, in the gas in the top of a cylinder. It is suggested that a gample of gas, taken with the cylinder upright, should contain at least 95 per cent. N20.
For the analysis of N.O, Boothby and Sandiford's method (Amer. Journ. Physiol., 1915, xxxvii, p. 377) is recommended, in which the 10-c.c. gas analysis apparatus is used. 2'5 c.c. of nitrous oxide is mixed with about 7-1 c.c. of bydrogen and burnt, and the contraction of volume noted. If the gas is freed from CO2 and 02 previously, the contraction gives the volume of N00 in the original sample.
Discussion.-Mr. G. WELLESLEY said that in his opinion the method of estimating the percentage of nitrous oxide in a sample by absorbing it with water and measuring the volume of the residual gas was inaccurate. He said that if the impurity was nitrogen, or chiefly nitrogen, this method made the gas appear to be worse than it really was. He suggested that the method of analysis used by Baskerville and Stevenson was preferable.
The tests laid down by the Pharmacopeia of the United States (tenth decennial revision of January 1, 1926) appeared reasonable, except that the one for carbon dioxide was perhaps rather severe, in view of the opinion expressed by several anesthetists that this gas in small quantities was not deleterious. Among the further tests suggested he thought that an outside limit of 5 per cent. of nitrogen, in a sample taken from the top of a filled cylinder at ordinary air temperature, would be difficult of accomplishment, as this would probably entail an average purity all through the cylinder of nearly 99 per cent. nitrous oxide.
Dr. PARKINSON referred to Dr. Hadfield's account of the unsatisfactory anesthesia obtained by Dr. Phillips in three consecutive cases from a single cylinder of gas. He expressed regret that the exhaustive chemical analysis of the residue of gas remaining in the cylinder should have revealed so little to account for the untoward symptoms. Apparently the only impurity present was nitrogen and this was present to the extent of about 3 per cent. He reminded the meeting that this could hardly have accounted for the symptoms since air normally contains 79 per cent. of this gas.
He briefly described the procedure under the Foods and Drugs Act of "sampling" official drlgs, explaining that an essential step was to divide the sample into parts, returning one to the vendor for his own private analysis and to support his defence. He pointed out the difficulties of applying any such rules to liquefied nitrous oxide.
He further put forward the suggestion that in order to obtain a representative sample of the contents of the cylinder, it would be necessary to empty the same completely into a small gas holder and remove a sample therefrom, after baving allowed time for diffusion of all the gases to take place. He agreed, however, that there was somne argument against this and in favour of analysing the gas drawn directly from the cylinder, since this was the usual way in which it was used by the anaesthetist.
Postscript by Dr. larkinson.-Later in the discussion the point was raised that nitrogen present as an impurity existed in one or more of the following states:-
(1) In a gaseous condition, floating at the top of the liquid nitrous oxide in the cylinder, in which case it would be entirely discharged when first the valve was opened. (2) In solution in the liquid nitrous oxide. (3) Actually liquefied and inseparably mixed with the nitrous oxide.
The last state was consideredmost improbable in view of the known difficulty of liquefying nitrogen, the second event was thought to occur possibly to some extent, but the first stated occurrence was considered most probable. Arising out of these points Dr. Parkinson explained that, as far as one firm at least was concerned, all such nitrogen would be blown off as a routine procedure before the cylinder left the factory.
Mr. H. E. G. BOYLE said that as heunderstood what had been said it appeared that the first lot of gas drawn from the cylinder might contain an extra quantity of nitrogen, that the gas drawn off fromn the liquid would contain less nitrogen, but this did not seem to fit in with the account that Dr. Ramsey Phillips had given of his cases, for here not only was the patient in the first case very ill after the administration, but other patients to whom gas had been given from the same cylinder were also affected. How could this be explained?
Dr. HAROLD KING said that, although all the previous cylinders of gas examined by him appeared to contain no impurities of note, within the last few days a cylinder of nitrous oxide had been received which undoubtedly containedhigher oxides of nitrogen. The gas reduced permanganate and set free iodine frompotassium iodide and starch. He also regarded as valueless the ferrous sulphate test for nitric oxide as an impurity in nitrous oxide.
Dr. J. MAUGHAN said that Dr. Hadfieldhad produced an able paper on what was admittedly a most difficult subject. In answer to the question of the clinical signs observed during the administration of the faulty gas, he said that there was a definite and progressive failure in circulation as from the tenth second. He would remind the Section that the average age of thethree patients presenting the strangetanomaly was 8 years. Mr. Boyle's two cases reported in the British Journal of Anasthesia were interesting because brandy effected a recovery in each case, thus suggesting a condition of vagotonia amenable to alcohol. Dr. Dudley Buxton, in commenting on these two cases, was of opinion that the explanation lay in acute dilatation of the heart. The question might, however, be asked: What was the cause of this sudden dilatation during a nitrous oxideanesthesia? He (Dr. Maughan) added that this was the first time in his experience of over forty years that three consecutive cases reacted to N20 in the same abnormal manner. He felt it his duty in the circumstances to report the facts to the Section.
Dr. W. J. MCCARDIE said that he had received complaints from dental surgeons that occasionally they had experienced cases of collapse during and after nitrous oxide aneesthesia; He had himself inhaled the remainder from the cylinders used and had not found any alteration in the quality of the gas, and had also administered some of the gas withoutnoting any special effect. Hethought that the grave symptoms were due to asphyxia or acute dilatation of the heart, som etimes combined with the effect of fear. Nearly all the cases of collapse he had heard of or read of in this country, or which happened in his experience, occurred during administration for dental work, i.e., when the patient was sitting upright and when operation was done in the mouth. He had not known of any case in this country, except one of his own, inwhich the patient collapsed during prolonged surgical operation under gas, or gas and oxygen, although Baldwin had recorded many deaths in America occurring in major surgical work. Baldwin did not attribute these deaths to impurity of nitrous oxide.
He (Dr. McCardie) could not say that he had ever, in more than twenty-seven years' experience, met with cases at the Birmingham Dental Hospital or in private work in which he attributed ill effects to impure nitrous oxide, and he believed that the manufacturers supplied as pure a " gas " as was possible.
